Ice-binding proteins (IBPs) depress the freezing point of body fluids below the melting point, resulting in a thermal hysteresis (TH) that prevents freezing of the organism. The potential of these proteins in the medical sector, in cryopreservation, in the frozen food industry, and in agriculture is enormous. We are investigating the mechanism by which IBPs interact with ice surfaces and inhibit ice growth and recrystallization. We have developed novel methods for these studies, including fluorescence microscopy techniques combined with temperature-controlled microfluidic devices. These techniques have enabled the replacement of the IBP solution surrounding an IBP-bound ice crystal by buffer, without losing the bound IBP or the TH activity. Our results show the irreversibility of the protein:ice interactions and the indirect dependence of TH activity on the protein concentration in solution. We found that the dynamics of the interactions with ice vary dramatically between different types of IBPs. We have developed intramolecular FRET sensors capable of detecting cytoplasmic headpiece movements of human SERCA (sarco/endo-plasmic reticulum calcium ATPase) in live-cell assays, including a non-muscle SERCA2b isoform to be used in drug discovery for treatment of diabetes. Two fluorescent proteins, clover (green) and mRuby2 (red) were directly fused to selected locations on human SERCA1a (skeletal muscle), 2a (cardiac muscle), and 2b (non muscle), based on a previously reported SERCA2a construct (Gruber et al., J. Biol. Screening, 2014), and expressed stably in HEK cells. We have used these cells in a novel fluorescence lifetime plate reader (FLT-PR) to screen small-molecule libraries, to discover modulators of SERCA structure and function. The present study focuses on SERCA2b, with the goal of obtaining small molecules that activate SERCA in non-muscle cells. Since recent reports indicate that SERCA overexpression in non-muscle cells can alleviate Type II diabetes, we seek small-molecule SERCA activators for the same purpose. The small-molecule modulators identified in the high-throughput FRET screen were examined for their ability to affect SERCA's function, through assays of ATPase and calcium pumping activities. In order to obtain functional data more directly related to Type II diabetes, we tested the compound's alleviation of endoplasmic reticulum stress in 3T3-L1 adipocytes, using an XF24 Extracellular Flux Analyzer to measure mitochondrial function after inducing ER stress with the inflammatory cytokine TNF-a. While this study is designed to find activators of SERCA2b for treatment of diabetes, constructs based on other SERCA isoforms show promise in targeted therapeutics for muscular dystrophy (SERCA1a) and heart failure (SERCA2a). Förster Resonance Energy Transfer (FRET) is a phenomenon that allows the direct measurement of molecular events through macroscopic observations. The simplicity of FRET translates to its robust performance in complex environments such as living cells, making it immensely powerful in molecular biology. Here, we demonstrate an analogous molecular event between fluorescent proteins, which relies on a different mechanism but shares many parallels with FRET. We demonstrate an exquisite distance sensitivity that allows us to distinguish the lengthening of a protein linker by 1 helical turn in live cells. Further, coupling this discovery with known molecular switches forms the basis of a novel class of biosensors. We therefore report the superresolution imaging of kinase activity and protein-protein interaction for the first time. We utilize one such biosensor to scrutinize the spatial activity architecture of cAMPdependent protein kinase (PKA). Our results directly confirm the compartmentalization of PKA signaling, and illuminate their characteristics in adherent and migrating cells. In summary, we report a novel molecular ruler that parallels FRET in many aspects and will be useful in a similarly wide range of applications. SasG has a long repeat region made up of identical repeating E and G5 domains. Although the domains themselves are relatively unstable (indeed E domains on their own are unfolded), the cooperative folding of the domains results in formation of molecules that are long and remarkably mechanically resistant. We have used small angle X-ray scattering and mechanical unfolding methods, combined with simulations, to show that SasG constructs of physiological length are indeed monomeric, highly extended and mechanically strong. Obligate folding cooperativity of the intrinsically disordered E domain couples spatially separate G5 domains both thermodynamically and structurally, creating a superstructure that supersedes the domain architecture. Our findings provide a simple solution for the efficient assembly of mechano-resistant elongated structures of tunable length from a single polypeptide chain and have significant potential for the development of novel biomaterials.
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Effects of Crowding, Osmolytes, Temperature and Pressure on the Interaction Potential of Dense Protein Solutions Roland Winter. TU Dortmund University, Dortmund, Germany. We studied the effect of pressure on the structure and intermolecular interactions of dense lysozyme solutions in various cosolvent mixtures and upon addition of various Hofmeister anions using small-angle X-ray scattering in combination with liquid-state theoretical approaches [1] [2] [3] . Supplementary thermodynamic information was obtained by employing calorimetric techniques, densitometry and ultrasound velocimetry. We show that the particular structural properties of water and specific ion effects play a crucial major role in protein stabilisation, notably under high hydrostatic pressure conditions. Also the effect of confinement on the solvational properties and intermolecular interaction of proteins was studied, including the effects of self-crowding and macromolecular crowders on the temperature-pressure stability diagram of proteins [4] . We also discuss the effect of pressure on the second virial coefficient and how pressure can be used to control and fine-tune protein crystallization. Moreover, we present results on the phase behavior of dense lysozyme solutions in the liquid-liquid phase separation region. A re-entrant liquid-liquid phase separation region has been discovered at elevated pressures, which originates in the pressure dependence of the solvent-mediated protein-protein interactions [3] . The bacterial acid stress-sensing chaperone HdeA loses structure to gain function. As enteropathogenic E. coli pass through the severely acidic environment of the mammalian stomach, HdeA transitions from an inactive, folded dimer to chaperone-active, unfolded monomers to protect against the acidinduced aggregation of periplasmic proteins. Toward achieving an atomiclevel mechanistic understanding of the acid stress response of HdeA, we develop a multiscale modeling approach to capture its pH-dependent thermodynamics. Our approach utilizes pKa calculations from all-atom constant pH molecular dynamics simulations to alter the coarse-grained model for representing different pH environments. Changes in the thermodynamics of binding as a function of pH are explored using the efficient ''Hamiltonian mapping'' reweighting formalism. We propose new features of the pHsensing mechanism of HdeA that can be directly tested by experiment. Namely, our model predicts that HdeA is maximally stable under mildly acidic conditions and that a partially unfolded dimeric intermediate may contribute to substrate binding. Our multiscale approach is general such that it can be applied toward understanding pH-dependent functional transitions in other systems and sets a foundation from which to construct models of HdeA-substrate interaction. Folding of most single-domain proteins has been successfully described by diffusion on a one-dimensional (1D) free energy surface. Although the 1D surface is smooth, there are many local minima in the underlying energy landscape, giving rise to landscape ''roughness''. According to Kramers' reaction-rate theory, roughness slows folding kinetics by reducing the diffusion coefficient at the top of the free energy barrier that separates folded and unfolded states. By measuring the transition-path time (t TP ) from a maximum likelihood analysis of photon trajectories in single molecule FRET experiments, we have recently shown that the Kramers diffusion coefficient for a designed a-helical protein, a 3 D, is markedly reduced (Chung and Eaton, Nature,2013) . To discover the structural origin of this slow diffusion, we have combined additional single-molecule FRET measurements with allatom molecular dynamics (MD) calculations. a 3 D contains 12 negativelycharged and 10 positively-charged side-chains. Analysis of the transition paths in the MD simulations shows that many non-native salt-bridges form during the folding transition path, suggesting them as the structural origin of long t TP . To test this idea, we lowered the pH to neutralize the carboxylates and eliminate salt-bridges, which increased the folding rate by about 10-fold and significantly reduced t TP . Although it was only possible to determine an upper bound for t TP , even at the highest possible solvent viscosity (15 cP), simulations of photon trajectories suggested that most, if not all, of the increase in folding rate could be accounted for by a decreased t TP and an increased Kramers diffusion coefficient. Neutralizing the carboxylates in MD simulations also increases the folding rate and diffusion coefficient and decreases t TP . These results provide the first quantitative glimpse of the effect of specific intra-molecular interactions on barrier crossing dynamics in protein folding. Understanding the intricate relationships between protein sequence, structure, and stability remains a challenge. One major obstacle in understanding these relationships is the identification of interactions that couple elements of structure; these interactions are not readily apparent from structure. Recently, the application of nearest-neighbor models to repeat protein folding have begun to provide insights into how these systems distribute their energy within, and between units of protein structure1,2,3. Consensus ankyrin and 34-residue cTPR protein (aka c34PR) folding can be described using two terms: the intrinsic energy of individual repeats (DGi), and the interfacial energy between adjacent repeats (DGi,iþ1). Here, we extend this approach in two ways using two experimental TPR-like systems. First, we dissect the whole-repeat nearest-neighbor model by representing (and resolving) the subunits of the nearest-neighbor model into each of the two helices (''A'' and ''B'') of each repeat. This extended Ising analysis allows us to quantify coupling energies within and between repeats, as well as local stability differences of the A and B repeat helices. Second, we explore a new, longer class of TPR-like proteins with 42 residues per repeat (42PRs, as opposed to 34 residues for the founding TPR sequence motif), to determine how variation in helix length and interface structure affects intrinsic and coupling energy. By varying the length of constructs in half-repeat increments, we find energetic heterogeneity at both the intrinsic and interfacial level. Although stabilities are more homogeneously distributed in the c34PR series (DGAB and DGBA as well as DGA and DGB are nearly isoenergetic), the distribution is more heterogeneous within 42PRs, with a greater energetic separation between intrinsic and interfacial energies. This leads to greater folding cooperativity within the 42PR series. 
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